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Ceftiofur is a third-generation cephalosporin used to treat infectious bacterial disease of bovines and equines. 2-4 Pharmacokinetic data, together with in vitro susceptibilities of selected obligate aerobic and facultative anaerobic bacterial isolates, suggest that ceftiofur has a very broad spectrum. 6, 12, 15, 16, 19, 20 Approximately 26% of samples obtained from infectious processes of bovines and equines contain obligate anaerobes. 5,9 Members of the genus Bacteroides (and previously named Bacteroides spp., which include members of the genera Prevotella and Porphyromonas), Fusobacterium necrophorum, and Peptostreptococcus anaerobius, account for most of the isolates. 5, 9, 10 The purpose of the study described herein was to determine the in vitro susceptibilities of commonly encountered bovine and equine isolates of obligate anaerobes to ceftiofur.
A total of 142 isolates of obligate anaerobes were used. Isolates were obtained from normally sterile sites from bovines and equines. Obligate anaerobes were isolated and identified by the Microbiology Laboratory, Veterinary Medical Teaching Hospital, University of California, Davis, by using standard techniques. 7,10, 18 The identity of the isolates and species of origin are listed in Table 1 .
Susceptibility to ceftiofur a was measured in the range of 0.0625 to 16 µg/ml. The agar dilution method used conformed to that recommended by the National Committee for Laboratory Standards (NCCLS). 13, 14 Wilkens-Chalgren (WC) medium b was used for testing isolates of the B. fragilis group and P. anaerobius, WC medium supplemented with laked sheep red blood cells (5%) was used for isolates of Fusobacterium, and Brucella medium b containing laked sheep red blood cells (5%), hemin (5 µg/ml), and vitamin K 1 (10 µg/ml) was used for non-B. fragilis group isolates. All plates were inoculated the day they were prepared. Plates were inoculated and incubated at 37 C for 24-48 hours in an atto Table 1 . ceftiofur.
The obligate anaerobe isolates tested for susceptibility mosphere of 90% N 2 , 5% H 2 , and 5% CO 2 in the presence of a palladium catalyst. Cefoxitin c was used as a reference standard for quality control since no reference data are available for ceftiofur. Quality control microorganisms used were B. fragilis ATCC 25285, B. thetaiotaomicron ATCC 29741, and Eubacterium lentum ATCC 43055. Media without antibiotics were inoculated to confirm growth and purity. The susceptibility breakpoint of ≤2 µg/ml was used in interpretation of results, though a breakpoint of ≤1 µg/ml may be more accurate for equine isolates (J. L. Watts, personal communication). 1, 4, 19 Inocula were prepared in an anaerobic chamber. d Prereduced brucella agar e containing hemin (5 µg/ml) and vitamin K 1 (10 µg/ml) were inoculated with each isolate. After incubation for 24-72 hours in the anaerobic chamber, colonies were suspended in prereduced brucella broth, e which contained hemin (5 µg/ml) and vitamin K 1 (10 µg/ml), to equal a 0.5 McFarland standard. A Steers replicator device was used to inoculate, in duplicate, 0.001 ml of the prepared inocula onto the assay plates. 17 The minimal inhibitory concentration (MIC) is reported, as recommended by the NCCLS, as the lowest concentration of ceftiofur that completely inhibited all visible bacterial growth, a haze, 1 discrete colony, or multiple tiny colonies. 13, 14 The MICs of cefoxitin for all reference strains were within established ranges. 13 Members of the B. fragilis group, the other Bacteroides spp., Prevotella spp., and P. asaccharolytica were the most resistant ( Table 2 ). All of the isolates of F. necrophorum and P. anaerobius were susceptible to ceftiofur.
Our data show that ceftiofur, much like other cephalosporins, has relatively poor activity against members of the B. fragilis group. 11 Likewise, a large proportion of the other Bacteroides spp. and Prevotella spp. obtained from bovine sources were resistant, reflecting, perhaps, the more common usage of this drug in this species.
Ceftiofur does not appear to be the sole drug of choice for infectious processes in bovines and equines suspected to contain species of obligate anaerobes other than F. necrophorum or P. anaerobius. Previous studies have shown that penicillin G, tetracycline, or metronidazole might be better choices. 5, 8 Acknowledgement. This study was supported in part by a grant from The Upjohn Company, Kalamazoo, MI.
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10. However, E. durans has been associated with diarrhea in foals, piglets, calves, and puppies. 2,5-7 This report describes an outbreak of diarrhea associated with E. durans in piglets.
Sources and manufacturers
A 200-sow, continuously farrowing swine unit experienced an epizootic of diarrhea in 2-to 14-day-old Landrace piglets. Approximately 90% of the piglets in 16 of 20 litters were diarrheic during a 2-week period; mortality was negligible. A few litters of piglets failed to gain weight and were stunted, but most piglets continued to consume milk and gain weight. Twenty-one diarrheic piglets were necropsied and tested by histopathologic examination, by culture, and by immunofluorescence for transmissible gastroenteritis and rotavirus.
Portions of small and large intestine were immersed in neutral-buffered 10% formalin, embedded in paraffin sectioned at 4-µm thickness, and stained with hematoxylin and eosin (HE) and Brown-Brenn Gram stains. The most consistent and predominant histological feature of diarrheic piglets was the extensive colonization of the mucosal surface of the small intestine by gram-positive cocci (Fig. 1) . Bacterial colonization of enterocytes extended from the tips to the base of villi. A few sloughed enterocytes were adhered with coc-From the Department of Veterinary Pathology, College of Veterinary Medicine, Seoul National University, Suwon 441-744, Republic of Korea (South Korea).
Received for publication March 8, 1995. coid bacteria in the jejunal lumen. No rotaviral or transmissible gastroenteritis viral antigens were detected by immunofluorescence examinations of 2 frozen sections of small intestine from 21 diarrheic piglets. Contents of jejunum and ileum from 21 diarrheic piglets were cultured aerobically on bovine blood agar, brilliant green agar, tergitol agar, enterococcus agar, and MacConkey agar plates. The isolates were tested for conventional biochemical tests, hydrolysis of arginine, production of acid from various carbohydrates, and commercial method. a The isolates were also tested for their ability to grow in the presence of 6.5% NaCl. Aerobic culture of jejunum and ileum yielded growths of enterococci. Growth of E. durans was not observed on MacConkey agar, while growth of E. durans was observed on enterococcus agar. Isolated enterococcus were arginine hydrolase positive, and grew 6.5% NaCl at pH 9.6 and in 40% bile. The isolates did not ferment sorbitol and mannitol but fermented melibiose and arabinose. All results are compatible with E. durans. No other bacteria were cultured aerobically.
The pathogenesis of diarrhea and enteric disease associated with adherent E. durans in piglets remains unknown. Diarrhea induced by E. durans is not associated with enterotoxin production or substantial mucosal injury. However, decreased activity of brush border digestive enzymes such as lactase and alkaline phosphatase suggest that there is a direct mechanical interference with digestion and absorption at the brush border. 8 Diarrheic piglets had been treated with ceftiofur sodium after onset of diarrhea. In this outbreak of enteritis, E. durans was considered to be strongly associated with diarrhea in piglets.
